


















of the grout, in each case on what we identified as hydration products. 

Then for each of these spectra, we ran a no-standard analysis lPrinceton 

Gamma Tech Microanalysis System), to determine relative amounts of six 

elements identified in the spectra. From each sample spectrum, the program 

calculates intensities of each element relative to the value of the element 

closest to its pure-element intensity. The spectra for interface, mid­

point, and edge gave three groups of values for each element. The average 

intensity, or [K], values for each element were compared among groups, that 

is, Cl at in the interface to Cl at the middle and edge, Ca at the inter­

face to Ca at the middle and edge, and so forth. 

15. Average [K] values for all samples for Cl, Ca, and Si, in three 

groups according to distance from the interface, are given in Table 2. 

These values show higher levels of Cl near the contact with halite, and 

more Ca away from the interface. Then we compared average ratios of Cl to 

Ca from the interface to those at the midpoint and edge. The differences 

were highly statistically significant (Table 3). Although the difference 

in average Cl/Si ratio was not significant between the interface and edge 

groups, average ratios of Cl to Si were significantly different between the 

interface and midpoint. These trends suggesting a concentration of Cl near 

the interface did not appear in parallel studies of specimens having either 

interfaces with anhydrite, or no enclosed rock interface. 

Conclusions 

16. Shear strength of samples of salt-saturated grout in contact with 

halite and anhydrite suggests that bonding between grout and halite may be 

partly chemical bonding. 

17. Salt armor on cut surfaces of samples with halite/grout 

interfaces forms by evaporation of water from the NaCl-saturated grout. 
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Its distribution suggests either (a) that the grout is richer in NaCl near 

the interface; or (b) that evacuation draws evaporable water from deeper in 

the grout in the zone near the interface. 

18. Distribution of elements away from the interface in the grout 

suggests that the grout is richer in Cl near the interface. This 

represents a change from the roughly uniform distribution of Cl in salt­

saturated grout without enclosed rock salt. 

19. The apparent redistribution of important ions in these samples 

suggests that ion migration is occurring, and the resultant concentration of 

chloride is at least partially controlled by the proximity of rock salt. 
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TABLE 1 

Shear Strength* Values for Specimens Tested as Shawn in Figure 2. 

Halite/Grout Anhydrite/Grout 

Shear strength 3.2 MPa 1. 3 MPa 

(460 psi) (185 psi) 

*Load at failure f vertical cross-sectional. 

TABLE 2 

Average Intensity (K) Values from No-standards Analysis for Si, 
Cl, and Ca at Three Locations Relative to Halite Interface 

SUMMARY STATISTICS* 

ION & GROUP** MEAN STD. DEV. MINIMUM MAXIMUM 

Si-1 0.104 0.030 0.057 0.149 
Cl-1 0.222 0.028 0.196 0.289 
Ca-l 0.216 0.033 0.163 0.277 
Si-2 0.119 0.026 0.081 0.174 
Cl-2 0.155 0.023 0.113 0.188 
Ca-2 0.236 0.025 0.190 0.275 
Si-3 0.096 0.021 0.065 0.124 
Cl-3 0.174 0.028 0.102 0.198 
Ca-3 0.263 0.048 0.216 0.384 

*Data from standardless analysis in energy-~ispersive X-ray spectroscopy, 
Princeton Gamma Tech. 

**Group 1 is interface, Group 2 is midpoint, Group 3 is near edge of samples. 



TABLE 3 

Ratios of (K) Values for Three Groups of Samples 

RATIO* MEAN STD. DEV. MINIMUM MAXIMUM 

Cl-1/Si-1 2.377 1.008 1.329 4.321 
Cl-1/Ca-1 1.040 0.146 0.770 1.234 
Cl-2/Si-2 1.398 0.474 0.710 2.090 
Cl-2/Ca-2 0.664 0.112 0.442 0.851 
Cl-3/Si-3 1.906 0.579 1.226 2.919 
Cl-3/Ca-3 0.688 0.178 0.266 0.850 

*Highly significant differences between Cl-1/Ca-1 and both Cl-2/Ca-2 and 
Cl-3/Ca-3; and between Cl-1/Si-1 and Cl-2/Si-2~ in tests of differences 
between two group means. 
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Figure 1 . Configuration of specimens with planar interface. 
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Figure 2 . Test configuration for shear testing (after 
CRD- C 89, Handbook for Concrete and Cement, 
U.S. Army Engineer Waterways Experiment Sta­
tion, Vicksburg, Miss.) . 
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Configuration of 2.5 centimeter-diameter specimens from which 
samples were taken for SEM/EDX studies. 



Figure 6. Particles visible through windows in salt 
crust near perimeter of sample . 

Figure 7. Cracks in salt crust near interface with 
halite. 



APPENDIX A 

Grout Components and Curing Conditions 

1. Component 

Class H Cement 
Class F Fly Ash 
Expansive Additive 
Water-Reducing Admixture 
Crushed Salt 
Defoaming Agent 
Sand 
Silica Flour 
Water 

*Percentage of total mass. 

2. Curing and Storage Conditions. 

Time 
Temperature 
Humidity 
Sealed plastic 

50 to 80 
24 c 
>95% rh 

molds and vials 

Al 

days 

Weight Percentage* 

29.04 
9.78 
3.43 
0.64 
5.69 
0.11 

29.99 
6.01 

15.32 




